We investigated the utility of maternal cotinine concentration as a predictor of preterm and small-for-gestational-age (SGA) deliveries. Subjects were randomly selected from antenatal clinics, and their serum cotinine concentrations at approximately 16 weeks' gestation were compared with self-reports of smoking. The value of these measures in predicting preterm and SGA deliveries was examined, using likelihood ratios and logistic regression, for 845 women with singleton, live births. Smoking status alone (defined by self-report or cotinine) only weakly predicted preterm or SGA delivery. Self-reported moderate/high smoking (top 15% of smokers) had a likelihood ratio (LR) of 2 and a positive predictive value (PPV) of 17%. In contrast, moderate/high cotinine concentration (top 15% of smokers) had an LR of 5 and a PPV of 33%. The predictive value of cotinine was independent of associated maternal characteristics. Cotinine concentration may therefore be a useful predictor of poor pregnancy outcome, and should be considered as a screening tool.
468 such as preterm delivery and low birth weight.S? Nevertheless, the majority of smokers have clinically normal outcomes of pregnancy. As highlighted by an editorial in The Lancet, this has important implications for the management of self-reported pregnant smokers.!? It also raises the possibility that cotinine may potentially be a useful screening tool to identify those women most at risk of adverse outcomes due to high tobacco exposure. Currently, the prediction of outcomes such as preterm delivery and smallfor-gestational-age (SGA) infants is extremely unreliable, particularly if attempted early in gestation and for asymptomatic women.!":" We report a study which investigated smoking and pregnancy outcome in a cohort of nulliparous women -a group in which prediction of these outcomes is particularly difficult.
SUBJECTS AND METHODS

Subjects
Subjects were recruited from May 1994 to February 1996 inclusive, with ethical committee approval. Based on sample size calculations relating to the study's main purpose (detection of differences in birth weight according to maternal antioxidant intakes), 1002 pregnant nulliparous women were invited to participate. Stratified random sampling was used to select healthy caucasian smokers and non-smokers from the seven largest antenatal booking clinics held each week at St Mary's Hospital, Portsmouth, UK, and outlying clinics. In this district, all women except those planning a home delivery were referred to central hospital antenatal clinics for booking. The sampling procedure resulted in the proportion of self-reported smokers cohort being similar to nationally representative samples of British pregnant women.P:" At interview, 90% of subjects were between 14 and 17 weeks' gestation, and all were between 9 and 20 weeks.
Data collection
Structured interviews were conducted during booking clinics by trained researchers. Social class was based on the occupation of the woman or her partner -whichever gave the highest social class -according to the Registrar General's classification.!? Detailed information was gathered on the types, brands and numbers of cigarettes usually smoked, and on the day prior to interview. A database was made of the tar, nicotine and carbon monoxide yields of the cigarettes using data from the Laboratory of the Government Chemist, and each individual's average daily intake of these constituents was computed. The booking midwife's record of the subject's smoking habits, height (m) and weight (kg) was noted.
Diagnostic criteria
Data on the course and outcome of pregnancy were abstracted retrospectively from the medical case notes by one researcher using a standardized pro-forma. Pre-eclampsia was defined as hypertension (diastolic level~90 mmHg) appearing after 20 weeks' gestation, plus associated proteinurea (more than a trace)" on two or more occasions. The main outcomes chosen a priori were preterm delivery (less than 37 weeks' gestation) and small-for-gestational age -that is, birth weight under the 5th centile for gestational age using parity-and sex-specific standards.l? The 12 babies born at less than 34 weeks' gestation were outside the range of the birth weight centiles and therefore not assessed for SGA.
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Gestational age (days) was based on last menstrual period (LMP) dates. However, ultrasound scan dates were used if LMP was unknown (n= 19) or if a scan at less than 20 weeks gave a gestational age differing by more than 14 days from that given by the LMP (n= 70). Paediatric assessment of maturity at delivery was accepted if it differed by more than 28 days from that calculated from the LMP or ultrasound (n=3). No gestational age estimates were missing.
Analytical methods
During the routine antenatal blood test, additional samples were taken, and the serum was separated and stored at -70°C. Established radioimmunoassays were used for serum cotinine analysis. 6.20 The within-batch coefficient of variation was 5·1% and between-batch coefficient of variation was 7%. The limit of sensitivity for the assay is 10 ng/ml., and values below this were recorded as such.
Statistical analysis
Comparisons between means were made using the t-test. For non-normally distributed data and small sample sizes, the Mann-Whitney V-test was used. Proportions were compared using the chisquared test. Significance tests were two-tailed.
Likelihood ratios (LRs) were used as the main measure of how well the exposure categories predicted adverse pregnancy outcome. The LR measures how many times more likely it is that a woman with an adverse outcome will have a particular test result, compared with a woman with no adverse outcome." An LR of > 1 will increase the pretest probability that the adverse outcome will occur, and the larger the LR, the greater the increase. As a guide, LRs of > 5 are often considered of potential benefit clinically." A nomogram for easy conversion of likelihood ratios into post-test probabilities at different background incidence rates is available. 2 1,22 The associations between smoke exposure, maternal characteristics and poor pregnancy outcome were explored using cross-tabulations and multiple logistic regression. Smoke exposure was defined in two ways: self-report to midwife and cotinine concentration. Other variables examined were maternal age at booking, height, pre-pregnancy weight, weight at booking, body mass index (BMI) pre-pregnancy (kg/m"), BMI at booking, education (three groups: less than O-level equivalent; O-level equivalent; and above O-Ievel equivalent), social class (three groups: I and II; IIINM; and IIIM, IV, V), diastolic blood pressure at booking, alcohol consumption, history of a previous miscarriage or termination, time since miscarriage or termination, and intakes ofmacronutrients and antioxidant nutrients during pregnancy from food only and from food plus supplements (assessed by a 7-day food diary at approximately 16 weeks' gestation, and by foodfrequency questionnaire at 28 weeks' gestation).
Logistic regression models were built using a combination of forced entry and forward stepwise procedures. The significance level for entry of variables in the stepwise procedure was 0·05 and for removal was 0·1.
RESULTS
Subjects
The number of women who gave written informed consent to participate was 963 (96%). Data on pregnancy outcome were unavailable for 22 women who moved from the area. A further 96 women were excluded due to twin pregnancy (16) , miscarriage (7), therapeutic termination (I), insufficient serum available for cotinine assay (65) and no midwifery record of smoking intensity (7) . Results are therefore presented for the remaining 845 women (88% of participants).
Social class distribution and smoking prevalence as reported to the midwife (see Table I ) were similar to nationally representative samples of pregnant women. I4--16, 23 Fewer women reported themselves as smokers to midwives (240/ 845; 28%) than to study interviewers (281/845; 33%). In the results, we present reports of smoking as given to midwives rather than to interviewers, since it is the former that occur in routine clinical practice.
Self-reported cigarette consumption
Few women reported heavy smoking. Of the 240 women who reported to midwives that they smoked, 134 (56%) used fewer than 10 cigarettes per day, 71 (30%) smoked 10-14, 16 (7%) smoked 15-19, and 19 (8%) smoked 20 or more. Slightly higher reports of cigarette consumption were given to interviewers. However, the distribution of smoking intensity in both cases was markedly lower than reported by recent nationally representative samples of non-pregnant women in this age group (33% reported smoking fewer than 10 cigarettes, 46% smoked 10-19, and 21% smoked 20 or more per day). 24 The cut-offs chosen to distinguish the high-risk categories were therefore lower than those conventionally employed in the non-pregnant population.
Cotinine concentrations
The distribution of cotinine concentrations was skewed: most women with detectable cotinine concentrations (~10 ng/ml.) had low exposure levels ( Fig. 1) . Initially, the frequently used cutoff point of 15 ng/rnl, was used to define positive exposure to tobacco smoke.2~27 However, this placed far fewer subjects in the 'not exposed' category (n=494) than when classification was based on self-reports of not smoking (n=605) (see Table 2 ). Moreover, the majority of women who had 'positive' cotinines but reported not smoking had only low cotinine concentrations (median 23 ng/ml.), To allow objective comparisons between cotinine and self-report as measures of exposure, we therefore also determined a cotinine cut-ofT which placed the same number of women in the non-exposed category as did selfreport. This cut-ofT of 38 ng/rnl, resulted in fewer self-reported non-smokers being reclassified as nicotine-exposed (see Table 2 ), and the majority of these reclassified women had high cotinine concentrations (median 92 ng/ml.), Table 3 shows the numbers of babies born preterm and SGA. For simplicity, the 75 pregnancies (9%) afTected by either preterm delivery or SGA are combined for the presentation of most results, and referred to as 'poor outcome'. Fifty-one babies had low birth weights «2500g). The majority of these (82%) were either preterm or SGA, and are therefore included in the 'poor outcome' category. Univariate analyses showed that poor outcome was associated with a low educational level, but not with age or social class (see Table  1 ) or any other factor. Positive cotinine (~38 ng/ml.) was more strongly associated with poor outcome (P=O'02) than was selfreported smoking (P=O·16) (see Table 1 ). Both measures of tobacco exposure were significantly related to SGA (P<O·05) but not to pre term delivery.
Poor outcomes
Comparison of self-reported smoking and cotinine in predicting poor outcome The likelihood ratio for poor outcome associated with smoking was l-5 for positive cotinine compared with 1·3 for self-report of smoking. The relationship between poor outcome and amount of tobacco exposure -measured in terms of both cigarettes/day and cotinine concentration -was also examined. The cohort was divided into four categories: non-smokers (or low cotinine) and three approximately equal groups of smokers classified by amount of exposure « 5, 6-10, > 10 cigarettes/day; or < 38, 38-83, 84-152, > 152 ng/ml, cotinine).
The likelihood of poor outcome was similar for non-smokers and the two lower categories of smoke exposure (LR approximately 1), but was much higher in the upper category (LR for highest category of cotinine 2'7, and LR for highest category of self-reported smoking 1,6).
The likelihood ratio for poor outcome increased progressively as the cut-ofT point for the upper category of smoke exposure rose, with the increase being particularly marked for cotinine. Table 4 shows, for both self-reports and cotinine concentrations, the likelihood ratios for non-smokers, smokers in the upper 15% of exposure levels (n=36; approximately 4% of all women) and other smokers. The likelihood ratio associated with the upper category of cotinine exposure (> 224 ng/ml.) was five or six times that of the middle and lower categories. Women in the upper 15% of exposure levels for cotinine had a probability of 33% [95% confidence interval (CI) 19% to 51%] of having a poor pregnancy outcome. In contrast, those in the top 15% of self-reported smokers had only a 17% risk (95% CI 6% to 33%) of poor outcome. Equivalent categories of tar, nicotine or carbon monoxide intake (calculated from brand smoked) proved no better predictors of poor outcome than self-reported cigarette consumption and were therefore not examined further. Rather than using three categories of exposure, the results suggest that the data might reasonably be divided into two, the upper category (top Ann Clin Biochem 1999: 36 15% of exposure) defining high-risk women, and any other exposure defining low risk. Table 5 shows the likelihood ratios and positive and negative predictive values calculated for each adverse outcome of pregnancy. The analyses were repeated removing the 58 women (15 with poor outcome) having pre-eclampsia, uterine malformations, atypical antibodies, thrombocytosis, congenitally malformed foetuses and cytomegalovirus infection. The likelihood ratios obtained were very similar to those for the whole cohort.
Independent predictive value of cotinine
Extreme cotinine concentrations were associated with some maternal characteristics previously identified as risk factors for poor outcome!' (see Table 6 ), although not with maternal height, previous miscarriage or termination of pregnancy, time interval since previous pregnancy, pre-pregnancy weight, or consumption of alcohol. Therefore, logistic regression was used to investigate whether a high cotinine concentration was predictive of poor outcome after accounting for other maternal risk factors. When all maternal risk factors were considered (but not self-reported smoking or cotinine), only a low educational level (O-Ievel or below) was significantly associated with poor pregnancy outcome (P=0·007). After adjusting for the effect of education, a high cotinine concentration (> 224 ng/ml.) was still a highly significant predictor [odds ratio (OR) 4'7; 95% CI 2'2, 10-4; P<O·OOI]. These findings were unchanged by adjustment for all the other maternal factors potentially associated with poor outcome. In contrast, the upper category of smoking by selfreport (> 13 cigarettes/day) was not independently associated with poor outcome after accounting for education. Each of the poor outcomes was also examined individually. A similar result was obtained for preterm delivery alone: only low maternal education (P=0'023) and high cotinine concentrations (OR 3'8; 95% CI 1 '5,9'5; P=0'005) were independently associated with this outcome. For SGA no maternal characteristic except smoke exposure was a significant predictor. Both the upper category of smoking (OR 4-4; 95% CI 1-4, 13·4; P=0·006) and high cotinine (OR 6·9; 95% CI 2,4,19,8; P <0,001) were associated with this outcome, but the latter showed the stronger association.
DISCUSSION
Early work on smoking and low birth weight suggested that, while light smokers had slightly elevated risks, the risk increased dramatically among heavy smokers.! However, the adverse effects of smoking on pregnancy are now wellpublicized, and ascertainment of smoking habits is increasingly difficult. Our data agree with other recent reports 2 ,3 which have indicated that 15-35% of pregnant women have cotinine concentrations inconsistent with their selfreport of not smoking. It also seems likely that a proportion of those admitting to smoking under-report their daily use of cigarettes. In our nulliparous cohort, few women admitted to smoking as many as IS cigarettes per day. While more heavy smokers might be seen in a sample of all parities, and some reduction in smoking intensity is expected during pregnancy, the distribution of smoking intensities nevertheless contrasts sharply with early work and with current data from the non-pregnant population. 8 ,24,28 In both clinical practice and epidemiological studies, it is common for women to be classified An" Clin Biochem 1999: 36 simply as smokers or non-smokers. However, this dichotomous classification seems of little help in predicting adverse pregnancy outcomes. The self-reported number of cigarettes smoked per day is also of limited value: membership of the upper category of smoking intensity (> 13 cigarettes/day), which was defined to include the most extreme 15% of smokers and which applied to 4% of the whole sample, only modestly improved the prediction. The same was true for calculated intakes of tobacco constituents. In contrast, high serum cotinine (which was also defined to include 4% of the whole cohort) indicated a substantially increased risk of poor pregnancy outcome. While high cotinine was associated with other known risk factors such as young age, low social class and low education, its predictive value was independent of these. Furthermore, the predictive value of the test was not reduced by excluding women whose clinical management may have been altered during pregnancy because of the identification of other risk factors, such as congenital malformations or pre-eclampsia. It also seems unlikely that high cotinine concentrations are a surrogate marker for poor renal function since, in non-pregnant subjects, only approximately 17% of cotinine is cleared by this route.P Since the majority of known risk factors are common to preterm delivery and SGA, these outcomes were combined in most analyses. Nevertheless, our data indicate that high cotinine levels are strongly and independently predictive of these outcomes individually. Although high cotinine concentrations predicted less than half of all cases of preterm delivery and SGA, the value of the test must be compared with the alternatives currently available. There has, for example, been much interest in the use of cervicovaginal foetal fibronectin as a predictor of preterm delivery. A recent systematic review (data from women of all parities) indicates that, for women presenting with threatened preterm labour, positive tests are associated with LRs of around 5 for delivery within a week. However, in asymptomatic low-risk women, the pooled LR of preterm delivery after a positive test was approximately 3,12 and appears to be even worse among nulliparous women and for prediction early in pregnancy. Risk scores for pre term delivery have also been created using multiple maternal demographic and obstetric factors.P but these scores place approximately a quarter of the population at risk while identifying less than a half of patients delivering preterm.J-!' Moreover, since by far the strongest risk factor in these scores is previous preterm delivery (12.5% risk), they are of little use for nulliparous women. The prediction of SGA infants has proved equally problematic.
Testing for high cotinine concentrations may therefore prove a useful addition to normal antenatal care. This non-invasive procedure is likely to be well accepted and would be suitable for wide-scale screening; only a small proportion of women would be classified as high risk, and, for these, the positive predictive value of the assay is high. Modification of clinical management would therefore be feasible. In contrast, the classification of women as simply 'cotinineexposed' would place unmanageable numbers of women into high-risk categories, most of whom will have normal outcomes.
Further validation of the technique in a study with greater statistical power is now required to determine more precisely the best cut-offs for the cotinine categories, and to test the method with multiparous and high-risk women. Our study has indicated that cotinine concentration alone is a useful predictor of poor pregnancy outcome in asymptomatic women early in pregnancy. If used in conjunction with existing tests and risk scores (especially those incorporating maternal education), it is likely to prove a valuable tool in routine antenatal care.
